ABSTRACT
INTRODUCTION
Diarrhea in piglets is a major endemic health problem for pig herds worldwide. In intensive pig farms, neonatal diarrhea results in direct and indirect economic losses that are mainly due to the high cost of treatment, higher susceptibility to other infections (e.g., respiratory diseases), nonuniformity of litters to weaning, and death of animals (Svensmark et al., 1989; Alfieri et al., 1991) . The causes of diarrhea in piglets are multi-factorial and multi-etiological. Factors related to animal production, health management, and the presence of enteropathogenic microorganisms predisposes young animals to infection. Several classes of microorganisms, such as bacteria (E. coli, Clostridium perfringens type C), protozoa (Cryptosporidium spp, Isospora suis), and viruses (rotavirus, coronavirus, calicivirus), can cause enteritis in piglets in both single and mixed infections (Driesen et al., 1993; Alfieri et al., 1994; Calderaro et al., 2001; Wieler et al., 2001; Barry et al., 2008a; 2008b; Zlotowski et al., 2008) . Worldwide, rotavirus is the main viral etiological agent of diarrhea in young mammals and some avian species (Parashar et al., 2003; Tamehiro et al., 2003) . Rotaviruses belong to the Reoviridae family. They have icosahedral symmetry and a non-enveloped capsid formed by three concentric layers of protein that is 70-90 nm in diameter. Their genome is composed of 11 double-stranded RNA segments (dsRNA). Based on the common group antigen (VP6 protein), rotaviruses are classified antigenically into seven serogroups (A-G). The co-migration of genomic segments 7, 8, and 9 in polyacrylamide gel electrophoresis (PAGE) is an important characteristic of group A rotaviruses (Estes, 1996) . Around the world, including in Brazil, group A rotaviruses (GARV) are directly involved in diarrhea episodes in suckling and weaned piglets (Gatti et al., 1989; Alfieri et al., 1991; Alfieri et al., 1999; Dewey et al., 2003; Katsuda et al., 2006) . To diagnose rotavirus, several techniques have been developed to detect the viral particle (cell culture, electron microscopy, immune electron microscopy), antigens, (ELISA, latex agglutination, direct immunofluorescence) and the viral genome (PAGE, RT-PCR). All of these methods vary in specificity and sensitivity and carry both advantages and disadvantages (Alfieri et al., 1996; Markowska-Daniel et al., 1996) . Epidemiological studies with high numbers of analyzed samples must carefully select diagnostic assays by evaluating the sensitivity and specificity of the technique, the cost, and the ease of execution. PAGE followed by silver staining (SS-PAGE) has all of the necessary characteristics for large-scale use. Additionally, SS-PAGE enables the identification of rotavirus groups A, B, and C through the analysis of the migration pattern of the 11 dsRNA segments, as well as rotavirus strain electropherotype analysis (Markowska-Daniel et al., 1996) .
In Brazil, pork production is an important segment of agribusiness. It holds a significant position in meat production for both in-country consumption and exportation. The identification and control of endemic infections affecting productivity (e.g., diarrhea in suckling and weaned piglets) can contribute to reductions in pork production costs. Despite the importance of rotaviruses in neonatal enteric infections worldwide, the majority of epidemiological studies in Brazil have been restricted to small sampling or very limited geographical areas. The present study aims to determine the prevalence of porcine GARV and to collect epidemiological data regarding GARV infection of Brazilian pig herds.
MATERIALS AND METHODS

Stool samples
In the period between June 2004 and April 2007, 681 stool samples were collected from 1-4 weekold piglets. From that total, 428 and 253 were from diarrheic and asymptomatic piglets (control group), respectively. The samples originated from 130 pig herds from 80 counties in 5 different states (Rio Grande do Sul, Santa Catarina, Paraná, Mato Grosso do Sul, and Mato Grosso) and two geographical regions (South and Center-West) of Brazil. At the time of collection, none of the farms used a GARV vaccination program as a prophylactic measure against neonatal diarrhea. The distribution of samples according to their origin is presented in Table 1 .
Virus and cells
The positive control porcine group A rotavirus (OSU) strain was propagated in MA-104 cells and maintained in Dulbecco´s Eagle Media (Gibco BRL, USA), supplemented with 10% fetal bovine serum (Gibco BRL, USA), gentamicin (55 µg/mL) (Sigma Co., USA), and amphotericin B (2.5 µg/mL) (Bristol-Meyers Squibb, Brazil) (Sato et al., 1981) . This GARV strain was used as positive control in SS-PAGE. 
RNA extraction
Fecal suspensions (20% w/v) in Tris/Ca ++ buffer (50 mM Tris-HCl; 10 mM NaCl; 1.5 mM 2-mercaptoetanol; 3 mM CaCl 2 ) were centrifuged at 3,000 x g for 15 min at 4 °C. Aliquots of 400 µL of supernatant were treated with SDS (1% final concentration) and incubated for 30 min at 56 °C. A combination of the phenol/chloroform/isoamyl alcohol and silica/guanidine isothiocyanate techniques (Alfieri et al., 2006) was used for nucleic acid extraction. The RNA was eluted in 30 µL of ultra-pure RNase-free, DEPC-treated, sterile water and used for the SS-PAGE technique.
SS-PAGE
Polyacrylamide gel electrophoresis (7.5%) followed by silver staining (SS-PAGE) was performed according to Herring et al. (1982) and Pereira et al. (1983) , respectively.
Statistical analysis
The chi-square test (χ²) (p < 0.05) was used to evaluate the differences between porcine GARVpositive and -negative stool samples, including fecal characteristics (diarrheic/non-diarrheic) and piglet age. Statistical analysis was performed using Epi Info™ software, version 6.04d (Dean et al., 1998) .
RESULTS AND DISCUSSION
Of the 681 stool samples analyzed, 193 (28.3%) tested positive for rotaviruses with the electrophoretic profile of group A. The 36.7% frequency (157/428) of rotavirus diagnosis in fecal samples from piglets with diarrhea was significant (p=0.0001) when compared to the frequency (36/253; 14.2%) in asymptomatic piglets (control group). The chance of diarrheic feces testing positive for rotavirus was increased 3.49-fold over that of normal feces (Table 2) . Rotavirus was identified in the feces of one-to-four week-old piglets. Age did not play a role in the frequency of infection. However, in diarrheic samples, there was a significant difference (p=0.0018) between GARV frequency in the age groups (Table 3) ; 54.7% of the 4 week-old piglets tested positive for rotavirus infection. There were no significant differences (p=0.054) between groups when the same variables were analyzed in normal feces (Tables 4). Worldwide, rotavirus is considered one of the main enteric infections in suckling and weaned piglets (Wieler et al., 2001; Dewey et al., 2003; Katsuda et al., 2006) . There have been a few studies in Brazil that examined the frequency of GARV diagnosis in piglet diarrhea episodes, and those had very delimitated geographical regions or relatively small sampling (Gatti et al., 1989; Alfieri et al., 1999; Barreiros et al., 2003) . The present study evaluated a large number of diarrheic and non-diarrheic piglet stool samples from pig farms in very distinct geographical regions. The results demonstrate that porcine GARV causes neonatal diarrhea episodes in all of the regions studied, showing its wide distribution in Brazilian pig herds. In addition, these areas are regarded as the main pork production regions in the country, which also increases the importance of these results in the economic aspect.
In previous studies conducted in Brazil, the frequency of porcine GARV-positive stool samples varied between 10.9% and 34.2%, depending on the sampling and diagnostic techniques used (Kroeff et al., 1999; Rácz et al., 2000; Calderaro et al., 2001 ). The present study identified a frequency (28.3%) of positive samples that is very similar to those found in previous studies, but did so with a very large number of samples from controls and pre-and post-weaned piglets. Rotavirus was identified in 36.7% of diarrheic samples. This rate was greater than that reported in some previous studies conducted in Brazil, including those that used direct ELISA as the diagnostic method. Compared to SS-PAGE, ELISA has a much higher sensitivity (MarkowskaDaniel et al., 1996) . It is evident that rotavirus is directly linked to diarrhea as 157 of the 193 positive samples (81.3%) were from diarrheic piglets, while only 36 (18.6%) were from asymptomatic animals. However, the 14.2% (n=36) of control group fecal samples that tested positive may have simply been taken from piglets prior to the development of clinical signs of diarrhea (Svensmark et al., 1989) . It was not possible to evaluate the period of onset or the end of the diarrhea episode, as each farm was sampled only once. The presence of rotavirus in normal feces can only be established through a longitudinal study to follow the litter for the entire suckling and post-weaned period. The animals were distributed in groups by age (in weeks) to determine if piglets were more susceptible to rotavirus infection at a certain age. Piglets were weaned at 21 days. GARV was identified in the feces of asymptomatic animals in all age groups, but it was mainly present in animals with diarrhea, which demonstrates that rotaviruses are widely disseminated in the pig herds evaluated. There was a higher (54.7%) frequency of positive diagnosis in 21-28 day-old piglets with diarrhea. During this period, the passive antibody titer is the lowest since birth, and the active immune system has not fully matured (Askaa et al., 1983; Dewey et al., 2003) . Additionally, all piglets were in the same place and under the same environmental, social, nutritional, and management stresses, as they were recently weaned. Therefore, animals in this age group are very susceptible to enteric infections, which may account for the high frequency of stool samples positive for rotavirus. This investigation has demonstrated that porcine rotavirus is widely spread in pig herds throughout the main pork producing regions of Brazil, and it is directly associated with diarrheal episodes occurring in post-weaned piglets. A higher frequency of positive diagnosis for GARV in diarrheic stool samples was observed in three-tofour week-old piglets. Considering that neonatal diarrhea is the major endemic health problem in pig herds worldwide and the high prevalence of porcine GARV infection found in Brazilian pig herds, programs for control and prophylaxis should be implemented and monitored. 
RESUMO
